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ABSTRACT 

Cockburn Sound is the most intensively-utilised marine 
area in Western Australia, with further development 
planned. Information on the foraging ecology of bottlenose 
dolphins and seabirds in Cockburn Sound will  aid 
conservation efforts. We observed dolphins and 7 seabird 
species at large multi-species feeding aggregations in 
Cockburn Sound between 2000-2. Dolphins and Pied 
Cormorants were the most abundant species at the 
aggregations, with a mean abundance of 21.4 (±7.4) dolphins 
and the abundance of cormorants sometimes in excess of 
200 individuals. Aggregations consistently occurred within 
the Kwinana Shelf in the northeastern corner of Cockburn 
Sound and were more common during the autumn-spring 
period. These aggregations most likely targeted schools of 
forage fish based on observations of prey and the 
substantial biomass of prey required to sustain the large 
number of predators present. These aggregations are an 
important feature of the foraging ecology of dolphins and 
seabirds in Cockburn Sound, and impact assessment should 
consider the impact of development on habitat for forage 
fish on the Kwinana Shelf. 

INTRODUCTION 
Cockburn Sound is the only 
well-protected embayment for 
over 1000 kilometres of coastline, 
and provides most of the 
sheltered inshore marine habitat 
along the lower west coast of 
Australia (Penn 1977, Valesini et 

al. 2003). It has also been the most 
intensively utilised marine area 

in Western Australia for the past 
half-century, with further 
development planned (EPA 1998, 
DAL 2001, DOE 2005). Intensive 
study of the Cockburn Sound 
ecosystem (see DEP 1996, DAL 
2001) has documented sub¬ 
stantial ecological change, 
especially changes in seagrass and 
finfish communities (e.g. 
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Dybdahl 1979, Scott et al. 1986, 
Kendrick et al. 2000, Vanderklift 
and Jacoby 2003). However, little 
is known about the foraging 
ecology of top-level predators in 
the Cockburn Sound ecosystem 
(Cannell 2004, Finn 2005, 
Ropert-Coudert et al. 2006). 
Uncertainty therefore exists over 
how large-scale infrastructure 
developments proposed for 
Cockburn Sound will  impact on 
dolphins, seabirds, and their prey 
(EPA 1998,2004,2006, Finn 2005). 

A resident community of ~75 
Bottlenose Dolphins (Tursiops 
sp.1) inhabits Cockburn Sound 
year-round (Finn 2005). Inshore 
bottlenose dolphins typically 
forage individually or in small 
groups hunting for individual 
prey items or small schools of 
prey associated with vegetated 
habitats, bathymetric gradients, 
tidal fronts, or other environ¬ 
mental features (Barros and 
Wells 1998, Connor et al. 2000, 
Heithaus and Dill  2002, Ingram 
and Rogan 2002, Mendes et al. 
2002, Lewis and Schroeder 2003, 
Hastie et al. 2004). However, 
dolphins may also aggregate to 
exploit large schools of ‘forage 
fish’ such as clupeoids (e.g. 
sardines, sprat, pilchards, herring) 
and engraulids (anchovies) 
occurring within nearshore areas 
(Saayman and Tayler 1979, 
Wursig and Wursig 1979, Wells et 
al. 1980, Cockcroft and Ross 1990, 

Brager 1998a,b, Vaughn et al. 
2007). Both solitary or weakly- 
schooling finfish species and 
large schools of forage fish occur 
within Cockburn Sound (Penn 
1977, Dybdahl 1979, DOF 2007). 
suggesting that dolphins in 
Cockburn Sound should utilise 
both prey types, and form 
aggregations to feed on forage 
fish when they are available. 

Seabird species occurring within 
Cockburn Sound include Silver 
Gulls (Larus novaehollandiae), Pied 
Cormorants (Phalacrocorax varius), 
Australian Pelicans (Pelecanus 
conspicillatus), Australasian 
Gannets (Morus senator), White- 
bellied Sea Eagles (Haliaeetus 
leucogaster), Crested Terns (Sterna 
bergii), Lesser Crested Terns 
(Sterna bengalensis), and Little 
Penguins (Eudvptula minor) (DEP 
1996, Cannell 2004). These 
seabirds may inhabit Cockburn 
Sound year-round, seasonally 
(e.g. during breeding seasons), or 
as transient migrants (Cannell 
2004). Breeding populations of 
Little Penguins, Pied Cormorants, 
Crested Terns, and other species 
occur on the offshore islands of 
Penguin Island (5km south of 
Cockburn Sound) and Carnac 
Island (2 km north of Cockburn 
Sound), with smaller populations 
on Garden Island at the western 
margin of Cockburn Sound 
(Dunlop and Storr 1981, Wooller 
and Dunlop 1981, Dunlop et al. 

1 The systematics of the Tursiops genus in Perth metropolitan waters has not been 
adequately described (Finn 2005). Both the Bottlenose Dolphin, T. truncatus and the 
Indo-Pacific Bottlenose Dolphin, T.aduncus haplotypes occur in this area. 
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1988, Dunlop and Wooller 1990, 
Canned 2004). 

While the foraging ecologies of 
seabirds differ, forage fish are 
important prey for many West¬ 
ern Australian seabird popu¬ 
lations (including breeding 
populations in the Perth area) 
(Klomp and Wooller 1988, 
Dunlop and Wooller 1990, 
Wooller et ai 1991, Dunlop 1997, 
Surman and Wooller 2000, 
Lenanton ctai 2003, Surman and 
Wooller 2003, Canned 2004), and 
for seabirds in southern Australia 
more generally (Croxall 1987, 
Bunce 2001, 2004, Chiaradia et ai 
2002, 2003, Dann et al. 2003). 
Species of forage fish occurring 
within Cockburn Sound include: 
(a) clupeoids (Scaly Mackerel 
Amblygastcr postera, Maray 
Etrumeus jacksoniensis, Whitebait/ 
Sandy Sprat Hyperlophus vittatus, 
Perth Herring Nematalosa 
vlaminghi, Australian Pilchard 
Sardinops sp., Blue Sprat 
Sprattcllioclcs robustus) and (b) 
engraulids (Anchovy Engraulis 
australis) (Dybdahl 1979). The 
composition of finfish assem¬ 
blages varies across habitats 
within Cockburn Sound 
(Dybdahl 1979, Scott ct ai 1986, 
Vanderklift and Jacoby 2003, 
DOE 2005). Snapper, pilchards, 
bonito, whiting, squid, cuttlefish, 
butterfish, and skipjack use the 
Central Basin; whiting, ancho¬ 
vies, and sprat utilise areas of 
shallow sandy seabed; while 
leatherjackets, wrasse, herring, 
and garfish inhabit seagrass 
meadows (Penn 1977, DOE 2005). 
However, there is little published 

information about the seasonal 
presence and distribution of 
forage fish within Cockburn 
Sound (Dybdahl 1979, DOF 2007). 

Here we document a previously 
undescribed feature of the 
foraging ecology of bottlenose 
dolphins and seabirds in 
Cockburn Sound—the occur¬ 
rence of large multi-species feed¬ 
ing aggregations. We document 
the characteristics of feeding 
aggregations of dolphins and 
seabirds in Cockburn Sound, 
including spatial and temporal 
patterns, species presence and 
abundance, and feeding be¬ 
haviours, and discuss probable 
prey species. We also suggest the 
implications of these aggrega¬ 
tions for environmental manage¬ 
ment in Cockburn Sound. 

METHODS 

Study Area and Population 

Cockburn Sound (32° 12’ S, 115° 
44' E) contains three broad 
habitats: 1) shallow (<10m) 
seagrass meadows along the 
northern, western, and southern 
margins; 2) a deep (18-20m) 
Central Basin with silt substrate; 
and 3) the Kwinana Shelf (also 
known as the Eastern Flats), an 
area of intermediate depth (4- 
12m) along the northeastern 
margin (Figure 1). While the 
Central Basin and seagrass 
meadows are relatively homog¬ 
enous in substrate and 
bathymetry, the Kwinana Shelf is 
more heterogenous, with habi¬ 
tats ranging from patches of 
limestone reef and remnant sea- 
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grass, shipping channels, jetties, 
rock break-waters, to stretches of 
sandy beach (DEP 1996, Finn 
2005). 

Observations of foraging 
aggregations 

Data on feeding aggregations of 
dolphins and seabirds were 
collected incidentally during a 
study of dolphin ecology in 
Cockburn Sound from 2000-2. 
In 2000-1 we observed feeding 
aggregations on an opportunistic 
basis as we searched throughout 
Cockburn Sound for dolphins. 
Surveys were conducted year- 
round, averaging 2-3 survey days 
per week from 2000-1. From 
April-October 2002 we searched 
for dolphins exclusively on the 
Kwinana Shelf (n = 47 survey 
days) and collected incidental 
data for any feeding aggregations 
observed. Most searches for 
dolphins began just after first 
light, with search effort generally 
concluding by mid-day, particu¬ 
larly during summer. 

We defined feeding aggregations 
as temporary assemblages of >10 
dolphins feeding within the 
same general area. By definition, 
this excluded aggregations of 
feeding seabirds with no 
dolphins present (as sometimes 
occurred). For the larger aggre¬ 
gations it was necessary to 
estimate the number of dolphins 
present because the aggregations 
were highly mobile and often 
widely dispersed, and the surfac¬ 
ing patterns of feeding dolphins 
were erratic. During observations 
of feeding aggregations, we 

recorded: time and location, 
dolphin and seabird foraging 
behaviour, and seabird species 
present. We did not estimate the 
number of seabirds present or 
record the duration of feeding 
aggregations because: dolphins 
were our primary study interest, 
we often observed aggregations 
that were already underway, and 
we typically departed before 
aggregations ended (to search for 
other dolphins). We include only 
the first aggregation observed in 
a day in our analyses to ensure 
that aggregations were independ¬ 
ent of each other. 

RESULTS 

Spatial and Temporal Patterns 

We observed 29 feeding 
aggregations in 2000 (n = 7) and 
2001 (n = 22) on an opportunistic 
basis during searches for 
dolphins throughout Cockburn 
Sound (Figure 1). 62% (n = 18) of 
these aggregations were in the 
austral autumn-spring period 
(May-September) and 24% (n = 7) 
were in summer months 
(November-March). With the 
exception of one aggregation 
near Garden Island, all obser¬ 
vations of foraging aggregations 
in 2000 and 2001 were located on 
the Kwinana Shelf or at the 
eastern margin of the Central 
Basin near the Kwinana Shelf. 
We observed 33 foraging aggre¬ 
gations on the Kwinana Shelf 
from April to October 2002 
(Figure 1). Foraging aggregations 
were observed on 70% of survey 
days (n = 47), and in at least 50% 
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Figure 1. Distribution of foraging aggregations: (a) 2000 and 2001 [• ] and (b) 
2002 [+] 
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Table 1. Number of aggregations observed per month in 2002 [total number of 
survey days in parentheses] 

Apr May Jun Jul Aug Sep Oct Total 

4 [8] 5 [8] 5 [7] 5 [5] 9 [11] 3 [4] 2 [4] 33 [47] 

of survey days during each 
month (Table 1). Most 
aggregations occurred on the 
southern half of the Kwinana 
Shelf, with a concentration of 
observations along the eastern 
margin between the Alcoa jetty 
and James Point. 

Species Presence and Abundance 

The abundance of dolphins at 
feeding aggregations varied. 45% 
(n = 14) of aggregations were 
estimated to include 10-19 
dolphins, 4S% (n = 15) to include 
20-29 dolphins, and 6% (n = 2) to 
include 30 or more dolphins. The 
mean of the ‘best’ estimates of 
aggregation size was 21.4 + 7.4 
dolphins (median = 22; range = 10 
- 40). We observed 7 species of 
seabird at feeding aggregations: 
Silver Gull, Pied Cormorant, 
Australian Pelican, Australasian 
Gannet, White-bellied Sea Eagle, 
Crested Tern, and Lesser Crested 
Tern. Pied Cormorants and Silver 
Gulls were present at all foraging 
aggregations. Terns (Crested or 
Lesser Crested) and Australasian 
Gannets were observed at 61% (n 
= 19) and 39% (n = 12) of aggre¬ 
gations respectively. We observed 
the other seabird species in¬ 
frequently, and did not observe 
Little Penguins at the aggre¬ 
gations. Pied Cormorants were 
the most abundant species, with 

incidental estimates of >200 
individuals recorded for some 
aggregations. 

Foraging Behaviours 

During early morning searches in 
the 2002 study, we commonly 
observed dolphins moving onto 
the Kwinana Shelf from the 
Central Basin individually or in 
small travelling groups. When a 
feeding aggregation initiated on 
the Kwinana Shelf, these 
individuals or groups moved 
rapidly towards the aggregation 
even if the aggregation was 
several kilometres distant. 
Aggregations quickly developed 
into mobile assemblages of 
feeding dolphins and seabirds, 
typically progressing along the 
Shelf, covering upwards of 1-2 
km an hour in some cases. 
Foraging activity generally 
ceased or decreased when 
aggregations reached the western 
margin of the Kwinana Shelf and 
entered the deeper (18-20m) 
waters of the Central Basin, 
suggesting that prey schools 
‘sounded’ or dispersed to avoid 
predators. 

Individual dolphins tended to 
mill in one area dispersed more 
than 10m, sometimes clustering 
into small, closely-spaced (<10m) 
sub-groups diving in nearly the 
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same location. In the 2002 study 
we observed rapid surfacing 
patterns involving leaps (full  
body clearance from the water) 
or porpoises (partial body 
clearance from the water) in 58% 
of aggregations (n = 18 aggre¬ 
gations), typical of rapid pursuit. 
The foraging behaviour of 
seabirds was species-specific. 
Groups of cormorants were 
typically strung out in an ex¬ 
tended line and engaged in a 
cyclical ‘leapfrog’ foraging be¬ 
haviour in which cormorants at 
the back of the line flew ahead 
of diving cormorants at the head 
of the line. Gannets and terns 
utilised plunge-diving to capture 
fish. Silver gulls were rarely 
observed to directly capture prey 
items, instead kleptoparasitising 
cormorants and terns. 

Dolphins were not observed 
consuming prey, indicating that 
prey items were consumed 
beneath the surface. Captured 
prey for seabirds were typically 
small (<25 cm length) and 
clupeoid (long and thin) in 
shape, but we were unable to 
determine prey type to species. 

DISCUSSION 

Spatial and temporal patterns 

This study indicates that feeding 
aggregations are a consistent, 
long-term feature of the foraging 
ecology of dolphins and seabirds 
in Cockburn Sound. We consist¬ 
ently observed feeding aggre¬ 
gations from 2000-2, and in each 
of the seven months that we 
surveyed the Kwinana Shelf in 

2002. Feeding aggregations were 
also consistently observed during 
an earlier study of dolphins in 
Cockburn Sound from 1993-7 (R. 
Donaldson, Murdoch University, 
unpublished data). The aggre¬ 
gations appear to be strongly 
linked to features of the 
Kwinana Shelf, given the preval¬ 
ence of observations there. We 
emphasise that, even in 2000-1 
when we surveyed for dolphins 
throughout Cockburn Sound, 
feeding aggregations were pre¬ 
dominantly associated with the 
Kwinana Shelf. 

The findings suggest two 
temporal patterns. Firstly, in 
2000-1 the majority of aggre¬ 
gations were observed during the 
austral autumn-spring period, 
suggesting an association 
between cooler water tempera¬ 
tures and the occurrence of 
aggregations. This pattern corre¬ 
sponds with the breeding seasons 
of some seabirds, such as Pied 
Cormorants (Dunlop and Storr 
1981, Dunlop and Wooller 1986, 
Dunlop et al. 1988, Dunlop and 
Wooller 1990, Cannell 2004). The 
abundance of forage fish within 
nearshore ecosystems in WA 
shows considerable variability 
across species, seasons, and years; 
however, they are generally more 
abundant when water tempera¬ 
tures are cooler (Gaughan et al. 
1990, Lenanton et al. 1991, Fletcher 
and Tregonning 1992, Fletcher et 
al. 1994, Caputi et al. 1996, 
Fletcher 1999, Gaughan et al. 
2001). Secondly, our anecdotal 
observations of the apparent 
searching behaviour of dolphins 
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suggest that dolphins and 
possibly seabirds often sought to 
locate forage fish soon after 
sunrise. Further research would 
help to confirm seasonal and diel 
(i.e. 24-hour period) patterns, as 
our search effort for aggregations 
was not systematic and we also 
observed feeding aggregations 
later in the day. 

Species presence and abundance 

The feeding aggregations 
indicate an aggregative response 
to a clumped, high-density prey. 
In offshore environments, a low 
cost of locomotion and the 
ability to detect visual, acoustic 
(e.g. leaping dolphins, diving 
seabirds, feeding calls), and (for 
seabirds) olfactory feeding cues 
over long distances allow 
dolphins and seabirds to success¬ 
fully exploit widely-dispersed or 
unpredictable prey patches 
(Croxall 1987, Connor et al 2000, 
Janik 2000). These ecological 
traits would also work effective¬ 
ly within the circumscribed 
extent of Cockburn Sound, 
allowing dolphins and seabirds 
to locate and feed on forage fish 
when these prey were present 
and abundant. We did not 
observe aggregations of dolphins 
or seabirds during some periods 
between 2000-2, so the flexi¬ 
bility  to feed in different areas or 
on a range of prey species is 
important for dolphins and at 
least some seabird species in 
Cockburn Sound. 

Foraging behaviours 

Seabirds and dolphins often feed 

in association with each other 
(Evans 1982, Brager 1998a, b, 
Hawke and Dobinson 2001, 
Vaughn et al. 2007). During 
feeding aggregations, dolphins 
and seabirds may interact 
through interference compe¬ 
tition in which the presence of 
one predator reduces the 
foraging efficiency of another, or 
through exploitation compe¬ 
tition, where one predator re¬ 
moves a resource otherwise avail¬ 
able for another (Shealer and 
Burger 1993, Acevedo-Gutierrez 
2002). In particular, the large 
(>200 individuals) abundances of 
Pied Cormorants sometimes 
present could have disrupted 
dolphin feeding, and or removed 
a substantial biomass of prey that 
dolphins could have consumed. 

However, interactions between 
seabirds and dolphins may have 
been complex, and involved 
competition, mutualism, and or 
indirect effects (Dill  et al. 2003). 
As aerial predators, seabirds may 
have located schools of forage 
fish on the Kwinana Shelf, and 
thus indirectly facilitated the 
capture of prey by dolphins; 
alternatively, seabirds may 
simply have used groups of 
feeding dolphins as cues for the 
location of prey schools. The 
feeding behaviour of seabirds 
could also have facilitated the 
capture of prey by dolphins. The 
leap-frogging behaviour of 
cormorants, for example, may 
have helped to corral schools of 
forage fish near the surface or 
within habitats where the 
schools were unable to sound. 
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Dolphins could also have played 
a similar role because of their 
ability to dive beneath prey 
schools. Further research could 
determine whether (and which) 
inter-specific interactions occur 
during feeding interactions. 

Probable prey 

The aggregations almost 
certainly targeted a species (or 
multiple species) of forage fish. 
Firstly, forage fish are small 
enough for dolphins to consume 
immediately after capture, which 
would explain why we did not 
see dolphins with prey at the 
surface. As dolphins cannot 
masticate, larger prey items must 
be fragmented prior to con¬ 
sumption by rubbing the prey 
item along the substrate or by 
tossing the prey item at the 
surface (H. Finn, personal ob¬ 
servation). Secondly, we often 
observed cormorants and terns 
to bring prey items to the surface 
that were the size and shape of 
forage fish, although we could 
not determine species. While 
Pied Cormorants — the most 
abundant seabird at the aggre¬ 
gations — are typically benthic 
feeders, they are opportunistic 
predators and will  utilise plank¬ 
tonic prey when it is available 
(Trayler et al 1989, Kato et al 2001, 
Quintana et al. 2004). Finally, 
forage fish are probably the only 
finfish taxa within Cockburn 
Sound that could obtain the 
schooling biomass to sustain the 
number of predators present at 
the feeding aggregations. From 
1977-2001 the majority of the 

commercial finfish catch within 
Cockburn Sound was forage fish 
(DOF 2002, DOE 2005). It is also 
possible that dolphins and sea¬ 
birds utilised several species of 
forage fish, as well as other prey 
species (e.g. squid, cuttlefish) that 
may have been present at the 
aggregations. 

Forage fish offer several benefits 
as a food source for dolphins and 
seabirds in Cockburn Sound. 
Firstly, our observations on the 
Kwinana Shelf in 2002 suggest 
that when schools of forage fish 
are present, they provide a 
resource that is available on a 
near daily basis for several 
months. Secondly, the high- 
density and aggregative be¬ 
haviour of forrge fish schools 
may facilitate prey capture and 
increase intake rates, allowing 
for enhanced foraging efficiency. 
Finally, many species of forage 
fish have excellent nutritional 
qualities because of their high 
lipid content and energy density 
(Payne et al. 1999, Iverson et al. 
2002). Such high-energy food 
may be particularly valuable to 
dolphins during the autumn¬ 
spring period. Captive Bottlenose 
Dolphins in the Perth area were 
observed to increase their intake 
rates during this period, sug¬ 
gesting that the energetic 
demands of dolphins increase 
when water temperatures are 
low (Cheal and Gales 1991, 1992). 
Many seabirds, including Pied 
Cormorants, also breed from 
autumn through spring, and the 
availability of forage fish could 
be one factor sustaining recent 
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increases in breeding populations 
of Pied Cormorants (and possi¬ 
bly) Silver Gulls at Penguin 
Island and Carnac Island (Rippey 
et al 2002, CCWA and CALM 
2003). 

Further research could determ¬ 
ine the relative importance of 
forage fish to the diet of 
dolphins and seabirds. On-going 
diet studies of the Little Penguin 
colony at Garden Island would 
be useful in this regard. 
Although we did not observe 
Little Penguins during feeding 
aggregations, recent satellite 
tracking data shows that 
penguins from Garden Island 
forage throughout Cockburn 
Sound (including the Kwinana 
Shelf), and thus are likely to prey 
on forage fish if they are avail¬ 
able (B. Cannell, Murdoch 
University, personal communi¬ 
cation). 

Management implications 

Our objective here was to 
document an important feature 
of dolphin and seabird foraging 
ecology in Cockburn Sound. 
Although the feeding aggre¬ 
gations appear to be an enduring 
ecological phenomenon in the 
Sound, their long-term con¬ 
tinuity is not assured. The 
Kwinana Shelf is currently 
subject to intensive human use 
and is also a focal point for 
future industrial development, 
including the construction of 
extensive port facilities (EPA 
1998, 2004, 2006, DAL 2001, DOE 
2005). Little is known about the 
potential implications of further 

industrial development for resi¬ 
dent finfish communities and 
for seasonal assemblages of forage 
fish. While localised effects (e.g. 
habitat loss from infrastructure 
construction) are a concern, the 
feeding aggregations also 
emphasise that the spatial and 
ecological integrity of the 
Kwinana Shelf as a whole may be 
important for fish assemblages. 
Fragmentation of the Shelf 
caused by land reclamation and 
the construction of breakwaters 
and harbours would, for 
example, sever linkages between 
nearshore areas and the broader 
Shelf environment (Vanderkift 
and Jacoby 2003, Hyndes 2004). 
We thus suggest that environ¬ 
mental impact assessment con¬ 
sider how modifications to the 
Kwinana Shelf could alter the 
suitability of this area for forage 
fish, and thus diminish an 
important prey for dolphins and 
seabirds. 
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